There are three types of influenza virus (A, B and C) PB1-F2 in 1977 isolates, i.e. at the end of virus circulation.
Introduction
Influenza viruses are causative agents of acute febrile respiratory diseases called influenza or flu in humans and animals. There are three genera of influenza virus denoted types A, B and C, in which the internal antigens NP are type-specific proteins. Influenza A viruses cause worldwide epidemics and pandemics, type B cause epidemics and type C is responsible for minor upper respiratory illnesses. Primary hosts of influenza A viruses are the wild aquatic birds (1) .
Influenza viruses belong to the family Orthomyxoviridae. They have 80-120 nm spherical shaped capsids, double layered phospholipid shell and pillar surface composed of two glycoproteins -hemagglutinin (HA) and neuraminidase (nA). The two external antigens HA and NA show substantial variations between the viral strains and are subtype specific antigens. There are 16 types of HA (H1 to H16) and 9 types of NA (N1 to N9) antigens found in different combinations in flu viral isolates. In humans H1, H2, H3 and N1, N2 antigens have been found. Sometimes influenza viruses are named by their hosts, e.g. avian/chicken, human, swine, horse/equine, canine, etc. (3) .
The influenza virus genome is represented by a negative sense single-stranded RNA consisting of about 13500 nucleotides (9) . It is fragmented into 8 non-paired (subgenomic) RNA segments varying in length from 890 to 2341 nucleotides (nt). Influenza viruses replicate in the nucleus of infected cells by an RNA-dependent RNA polymerase. It converts the negative sense genomic segments into coding (positive sense) RNA strands. To become functional, they get 5'-cap structures from the host pre-mRNAs by the assistance of the viral RNA polymerase complex. The latter is composed of three proteins (PB1, PB2 and PA) of which PB2 recognizes and binds capped pre-mRNAs and PB1, together with the PA, cleaves and transfers the cap structure to the 5'-end of the viral positive sense RNA. Thus the latter is converted into functional mRNA suitable for translation into virus specific proteins (11) . The flu viral genome (via the eight capped positive sense RNAs) encodes the following viral proteins: three RNA polymerase subunits (PA, PB1 and PB2), hemagglutinin (HA), nucleoprotein (NP), neuraminidase (NA), matrix protein (M1), and a nonstructural protein (NS1). In addition, an ion channel protein (M2) and a nuclear export protein (NEP, named earlier NS2) are also synthesized during the viral replication. The two proteins are products of two mRNAs originating by alternative splicing of the positive sense RNAs transcribed from the genomic segments No 7 and 8. Some influenza A viruses contain also another protein (PB1-F2) obtained by alternative translation of the PB1 segment mRNA (4, 6, 10) .
Influenza A viruses are extremely changeable and their changeability is related to two main genomic events: i) Spontaneous point mutagenesis and ii) RNA reassortment. Unlike DNA polymerases, the flu virus RNA-dependent RNA polymerase is devoid of proof reading activity. Due to this it makes random base substitutions at every 10,000 base pairs, i.e. about one point mutation per genome per replication cycle (6, 22) . The fast accumulation of point mutations during replication in combination with the short viral life span results in a rapid generation of new antigenic variants (a process termed antigenic drift) (12) . The fragmented nature of the influenza virus genome is a predisposition for exchange (swapping) of entire genomic RNA segments between the strains in case of co-infection. This phenomenon (termed RNA reassortment) is known as antigenic shift. Very often the antigenic shift leads to the creation of new viral strains with increased virulence and lethality such as those that caused the historical flu pandemics in 1889, 1918, 1935, 1957, 1968, and 1978 and also the latest two "chicken" (2007) and "swine" (2009) pandemics (9, 13) . Some viruses can also exchange genetic information with their hosts and this is another thoroughfare for viral changeability and evolution. This mechanism is employed mainly by DNA and oncorna (retro) viruses (7, 8) , although some RNA viruses can also exchange genetic information with their hosts (14) . The latter, however, is not common for the influenza viruses. Surprisingly, Khatchkian et al. (15) have found 28S rRNA fragments incorporated into the hemagglutinin gene of influenza virus A isolates.
Taking into consideration the fact that the replication of influenza viruses occurs in the cell nucleus, we assume that viral RNAs (both negative and positive sense strands) could swapper genetic information with their hosts by homologous RNA-RNA recombination that could speed up significantly the flu virus evolution. This hypothesis can be verified by the modern bioinformatics tools employing the new generation of computers such as the supercomputer BlueGene P.
The present study aimed to shed more light on the structure and organization of the influenza virus A genome as well as to reveal the role of the host genome for its changeability, evolution and adaptation to new hosts. To this end influenza virus A genomic sequences belonging to different strains and isolates were downloaded from the NCBI Database and were investigated for the presence of conservative/variable regions and common protein motifs applying modern software adapted to the supercomputer BlueGene P. The obtained results will be presented in two related papers (Part I and Part II), of which the present one (Part I) is dedicated to the conservative and variable regions in the eight subgenomic RNA segments in human, horse, swine and avian influenza viruses.
Databases and Methodology
Influenza virus A genomic sequences were downloaded from the NCBI Database (http://www.ncbi.nlm.nih.gov/genomes/ FLU/) (2) containing more than 160,000 entries. The genomic sequences in the database are obtained from over 36,370 influenza virus A, 2,951 influenza virus B and 145 influenza virus C isolates. Recently the OpenFlu database (OpenFluDB) was created (URL: http://openflu.vital-it.ch.) to facilitate research on the flu virus evolution and adaptation. It contains genomic and protein sequences, as well as epidemiological data from more than 27,000 viral isolates (18) . The annotations include virus type, host and geographical location as well as experimentally tested antiviral resistance. The OpenFluDB allows a direct import of data from public repositories and export of records to the Genbank database.
To create a local genomic database, the influenza A virus sequences were downloaded and filtered for incomplete sequences (rejected). The full length RNA sequences were then classified by type, subtype and host. Several analysis tools, including multiple sequence alignment, phylogenetic analysis and sequence similarity maps were applied for rapid and efficient mining. ClustalW software package adapted to the BlueGene P supercomputer was employed for identification of conservative/variable regions (23) . This algorithm calculates the best matches and aligns the sequences according to the identified similarities. It proceeds in three consecutive steps: i) Pairwise alignment (resulting in a distance matrix whose entries indicate the degree of each pair of sequence divergence); ii) Building of a guide tree (based on the sequence similarity matrix and Neighbor-Joining algorithm) (21); iii) Multiple alignment (alignment of the sequences progressively according to the branching order in the guide tree).
The number and sources of the analyzed viral RNA sequences are shown in Table 1 .
Results and Discussion
Changeability, evolution and adaptation are crucial for the flu viruses to survive. Due to changeability they escape from the host immunity and the evolution is the driving force for selection of the most vital (virulent) strains. Adaptation means facilitating the entrance into and infection of the target cells.
Three times in the last century, have influenza viruses undergone drastic genetic changes, thus causing global pandemics with devastating effects. The most famous pandemic is known as the "Spanish Flu", which affected up to 25% of the world population and killed at least 40 million people in (24) . The same team found also that the 1918 flu genome contained several small genetic sequences (polymorphisms) characterizing its lethality. The lethal polymorphisms, however, were absent from the genomes of the 1957 and 1968 pandemic strains. Surprisingly, many of them have been identified in the genome of the H5N1 bird flu. This is considered quite disturbing, as it is likely to be an important determinant of the virus's case fatality rate (5, 16, 17, 19, 20) . The significance of RNA-RNA recombination for influenza virus evolution, adaptation and pathogenecity is not well understood. Today, it can be studied by the methods of genomics, bioinformatics and statistics using the whole assembly of sequence data available in the gene banks and employing the computing power of the modern supercomputers.
The new generation of DNA sequencing technologies made it possible to sequence over 40,000 individual influenza virus genomes, which are presently available at the NCBI Database (http://www.ncbi.nlm.nih.gov/genomes/FLU/). Most of them have been sequenced under the Influenza Genome Sequencing Project initiated and run by the National Institute of Allergy and Infectious Diseases (NIAID) in Bethesda, Maryland, USA. This project is designed to help understanding of how the flu viruses evolve, spread and cause deadly epidemics and pandemics. It is beyond the scope of the project, however, to reveal the role of the host genome in viral changeability and evolution. To shed light on this issue, we carried out a comprehensive comparative study on the genomes of a great number of human, equine, swine and avian flu viruses using a ClustelW software package adapted to the BlueGene P supercomputer. Our study aimed to determine the length, number and location of conservative and variable regions in the viral subgenomic RNAs in order to evaluate their changeability, adaptation and evolution in different hosts. The results obtained from this analysis are presented below.
Conservative and variable regions in influenza virus A/ H1N1 genome

Conservative and variable regions in human influenza virus A/H1N1 genome
The length and distribution of conservative and variable regions in the subgenomic RNA segments of the human influenza virus A/H1N1 genome are presented in Table 2 . The obtained results are based on the analysis of 23,519 RNA sequences downloaded from the NCBI GeneBank and therefore they are statistically relevant. As seen from the 1) . Our data revealed also that besides the overall genetic stability, the eight subgenomic segments differ by their 5'-terminal stability. The most changeable seem to be the 5'-termini of segments No 4 and 6 (devoid of any conservative regions) followed by segments No 2 (PB1), 3 (PB) and 8 (NS). The first conservative domain in these segments appears at position 641, 488 and 346 respectively. Partly the 5'-terminal changeability is related to the "cap snatching" phenomenon (described above), which however, affects no more than a few tens of nucleotides located immediately downstream of the CAP structure.
Conservative and variable regions in swine influenza virus A/H1N1 genome
To estimate the role of the host for influenza virus A/H1N1 changeability, we studied the content and distribution of conservative and variable domains in 3,250 swine flu viral RNA sequences. As seen from Table 3 , the swine influenza virus A/H1N1 is less stable as compared to the corresponding human isolates. The number of conservative domains in all swine subgenomic RNAs is lower than that in the human variants ( Table 2) . Besides the two most changeable segments (No 4 and 6), the swine segments No 2 (PB1) and No 1 (PB2) contain only 1 and 2 conservative domains respectively. This means that swine (as a host) favors specifically changeability of the genes encoding RNA dependent RNA polymerase complex (i.e. the PB, PB1 and PB2 proteins). Here, as in the human flu virus, segment No 7 is most stable, followed by No 8 (they contain 8 and 7 conservative domains respectively).
Conservative and variable regions in equine influenza А/ H7N7 and A/H3N8 virus genomes
Besides human and swine influenza viruses A/H1N1, our study included also the two equine influenza viruses -A/H7N7 and A/H3N8. The results presented in Table 4 illustrate a totally different pattern of content and distribution of conservative domains in comparison with both human and swine influenza virus A/H1N1. All subgenomic RNAs in the two viral strains contain many more conservative domains compared to the corresponding human and swine RNA segments. Our data show that the genome of flu virus A/H7N7 is the most stable of all influenza viruses studied so far. Except for the two subgenomic segments No 4 and No 7, the content of conservative regions Unlike in A/H7N7, the deviation in changeability between the subgenomic RNAs of the equine flu virus A/H3N8 is not as drastic. Except for segment No 8, the content of conservative domains in the other subgenomic RNAs varies from 44% to 60%. According to our data, this virus is twice less stable than A/H7N7 and several times more stable than A/H1N1 (both human and swine).
Studying the distribution of conservative domains along the subgenomic RNAs of the equine influenza viruses, we found that very often they are separated by a single variable nucleotide only. The most frequently observed types of variations were the substitutions C↔U and A↔G. This 
Conservative and variable domains in the genome and proteins of the pandemic influenza virus A/H3N2
Conservative and variable domains in the genome of influenza virus A/H3N2 The NCBI database was employed also to investigate the dynamics of accumulation of variable/conservative domains in influenza virus genomes in the time course of viral infection for a long period of time. To this end we chose to study the changeability of the genome of one of the most deadly flu viruses (H3N2) based on nucleotide sequences obtained from the beginning of its circulation in 1968 (48 isolates) and at the end of circulation in 1977 (7 isolates). Table 5 illustrates the great difference in content of conservative domains in the genome of this pandemic strain occurred in the observed period of time (9 years). As seen from the table, the overall content of conservative domains in the viral genome in 1968 is much higher (95%) than at the end of circulation in 1977 (54%). Comparing the different subgenomic RNAs, we observed that the number of conservative domains remains stable only in segment No 1, although the total length (in %) of conservative regions in it was highly reduced at the end of circulation (in 1977) . In all other segments the conservative domains tended to increase in number and decrease in percentage, i.e. as a genomic fraction. This means that viral propagation between 1968 and 1977 has led to splitting of conservative RNA sequences by variable ones. The most stable of all subgenomic segments turned out to be RNA No 7 (MP).
Conservative and variable domains in the proteins of influenza virus A/H3N2
Besides subgenomic RNAs, we also investigated the eight A/ H3N2 viral proteins for content and distribution of conservative domains. As seen from Table 6 , the number of conservative regions increases about twice in most of the viral proteins (NP, PA, NA, PB2, PB1, NS1, NS2, M1) and decreases in three of them (PB1-F2, HA and M2) only. No conservative regions were found in the smallest viral protein PB1-F2 in the 1977 isolates.
It is worth mentioning that the conservative domains in most of the proteins in the virus circulating in 1968 are separated by a single amino acid, except for РВ2 and РА, where 3 and 7 аmino аcid insertions were found. Most variable insertions were in the surface protein HA. As seen from Table  6 , the portion of conservative regions drastically decreased in the proteins HA, NA, NP, M2 and NS1 of the flu virus A/H3N2 isolated in 1977.
The results presented above clearly demonstrate that influenza virus A changeability is strain and host specific. The strain specificity can be explained by the nature (structure and properties) of the RNA dependant RNA polymerase complex. Higher accuracy of RNA polymerase means less point mutations generated during viral replication, i.e. higher genomic stability. The role of the host might be explained by: a) different intensity of the RNA editing process (deamination of the ribonucleotides A, G and C in viral RNAs); b) participation of host cellular RNAs in homologous RNA-RNA recombinations with both positive and negative viral RNA strands. In the light of the latter hypothesis, one can assume that the human genome is enriched in nucleotide sequences homologous to the influenza virus A genome compared to the other hosts (swine, horse and chicken). This hypothesis will be verified in future bioinformatics studies where viral and host genomes will be directly compared by sequence alignment employing parallel computer clusters and supercomputers.
Conclusions
The results obtained from the above described comparative genomic analysis of a statistically relevant number of influenza virus A strains and isolates led to the following conclusions:
• Influenza A viruses are changeable and their changeability depends on both viral host and strain.
• The contribution of the host in this changeability is well illustrated with influenza virus A/H1N1 -stable in swine and unstable in humans. 
